Google Earth is a powerful tool that allows users to navigate through 3D representations of many cities and places all over the world. Google Earth has a huge collection of 3D models and it only continues to grow as users all over the world continue to contribute new models. As new buildings are built new models are also created. But what happens when a new building replaces another? The same thing that happens in reality also happens in Google Earth. Old models are replaced with new models. While Google Earth shows the most current data, many users would also benefit from being able to view historical data. Google Earth has acknowledged this with the ability to view historical images with the manipulation of a time slider. However, this feature does not apply to 3D models of buildings, which remain in the environment even when viewing a time before their existence. I would like to build upon this concept by proposing a system that stores 3D models of historical buildings that have been demolished and replaced by new developments. People may want to view the old cities that they grew up in which have undergone huge developments over the years. Old neighborhoods may be completely transformed with new road and buildings. In addition to being able to view historical buildings, users may want to view statistics of a given area.
statistical data allows for a greater understanding and appreciation of historical changes. I propose to enhance the visualization of the 3D world by allowing users to graphically view statistical data such as population, ethnic groups, education, crime, and income. With this feature users will not only be able to see physical changes in the environment, but also statistical changes over time. 
Introduction
The Internet has made it possible to easily access all types of information and resources with the click of a button. Nearly any type of information or resource can be found or accessed online. One type of information that is not easily found is records regarding past land developments, structures, buildings, and more specifically, visual records. One may be able to find historical photos online about a well known or famous structure or area such as the White House or the city of Manhattan, but what about lesser known places such as Salinas, CA or even San Jose State University. To find historical data or images one would most likely have to visit the local authority archives or the main city library to view some old archives and maps. A tool that gives the ability to easily view past city developments or structures would be an invaluable asset to those in search of this type of information. Statistical information about an area may be much easier to obtain but interpreting large amounts of raw data can be extremely difficult and confusing. Visualizing raw data can make large amounts of data easier to understand and analyze. Trends, relationships, and variations in data can be easily seen through visualizations. Mapping technology has become increasingly advanced and there are a number of map software and applications but none of which give the ability to easily view or create historical data.
Thepurpose of my project was to create a tool that can be used to visualize historical structures, developments, and data through time. As a result I have developed a web application that allows users to import models and assign them a timespan in order to represent the period for which a model would have existed. Users can also represent 2D statistical data in the form of heatmaps or 3D polygons. While there exists tools that can be used to visualize 2D data, what most tools lack is the ability to visualize 3D data. An example of 3D data would be prices for individual condominiums that are all located in the same building. 
Related Work

GRASS GIS
GRASS GIS is a Geographic Information System used for geospatial data management and analysis, image processing, graphics/maps production, spatial modeling, and visualization. GRASS is currently used in academic and commercial settings around the world, as well as by many governmental agencies and environmental consulting companies [1] . RASS is an open source desktop application that is written in C and supports multiple operating systems and architectures. GRASS contains over 350 programs and tools to render and manipulate data [1] .
Google Earth Pro
Google Earth Pro is based on the free version of the Google Earth desktop application with additional tools available to the user [3]. Some of these tools include: advanced measurements, high-resolution printing, exclusive pro data layers, spreadsheet importing, and more [2] . Google Earth has a large database of 3D models, which is mostly made from contributions from the online community.
Comparison to GE Collab
Although GE Collab is still very underdeveloped and lacks the variety of tools that GRASS GIS and Google Earth Pro have, the main features that set it apart is its ability to create 3D heatmaps as well as being a web-based application. GRASS GIS is a very powerful tool but can be extremely confusing due to the number of 3 rd party modules and add-ons that are available. GRASS GIS also requires the user to be familiar using their system terminal/console.In contrast, Google Earth Pro is very user friendly and does not have plugins or add-ons for additional functionality. It supports 3D model manipulation and sharing through Google 3D Warehouse. Both GRASS GIS and Google Earth Pro are desktop applications, which require installation on the users system. I kept these applications is mind in order to create a simple, useful, and collaborative friendly application.
Design and Implementation
At the beginning of my project what I had in mind was to make use of an existing software program and to implement my desired features by making use of the software's application programming interface (API). The two main software applications that were considered were NASA World Wind and Google Earth. included in the Google Earth installation. KML is similar to XML (extensible markup language) and is used primarily for geographical data to be used in Internet based maps and virtual globe programs. One downside of Google Earth is that it is closed source software and therefore, the source code is not accessible to the public. Both programs have a significant amount of support through public forums, blogs, and articles. Google Earth turned out to have a bigger following and as a result more resources available to users looking to develop on Google Earth. NASA World Wind has a lot of available resources but many articles and references tend to be outdated due to it decrease in popularity.
Initial Experimentation
I chose to use Google Earth as the platform to develop my initial features due to its already existing features and ease of use. Google Earth allows users to import externally created models in the COLLADA format. COLLADA defines an XML Namespace and database schema to make it easy to transport 3D assets between applications without loss of information [5] . COLLADA files are XML files While these methods of visualization may be sufficient, I wanted to explore an alternate way of visualizing data, which is with the use of heatmaps. 
Models
Interface
After the implementation of the 3D city and heatmaps in using the Google Earth software I came to realize that the process for making use of these functions were very difficult and time consuming due to the need for manually creating KML files and importing them into Google Earth. I wanted an end-to-end process that would incorporate the functionality that I wanted with Google Earth.
Since the Google Earth software is closed source, I do not have the ability to add this functionality directly to Google Earth. However, Google Earth has a browser plugin available that allows users to incorporate the Google Earth 3D globe into a website. The plugin only provides a view of the glove a plugin API is available for users to add any additional functionality in order to manipulate the globe. I decided to make use of the Google Earth Plugin to implement a web-based application that supported my desired functionality. This is what would be known as GE Collab. The Google Earth Plugin can be manipulated using its JavaScript API. The challenge behind this approach was that I now needed to recreate the necessary Google Earth software interface and controls in my web application since all that is available with the initial plugin is the view of the Earth and the ability to move within the Earth view. A benefit of this approach was that GE Collab could be used as a collaborative tool and could be easily accessible without the need for downloading or installing any additional software.
Application Environment
During the initial stages of the web application development, GE Collab was hosted using an online hosting service. As development progressed it became apparent that I would require GE Collab to be running on its own system since I relied on external python libraries such as heatmap.py and the Python system. As a result, I created my own hosting environment using a Linux machine and setting up an Apache server. The server would allow me to have complete access to the system in order to install any additional libraries that I required. In addition to Python 2.6 and Python Imaging Library, I installed MySQL database and PHP 5.3.2 all of which play key roles in the functionality of the web application and will be discussed in further detail later in the paper.
Google Earth Plugin
The Google Earth Plugin is accessed using its JavaScript API. Creating a plugin instance allows me to manipulate and access the Earth view. With the plugin instance I can create various feature instances such as placemarks, models, icons, ground overlays, balloons, and many other similar KML features.
KML features are children of the KML object and its siblings can be seen in figure   5 . 
MySQL Database
The MySQL database is used to store data regarding any models, heatmaps, or data that a user has imported into the application. The database contains tables for each type of feature: models, heatmaps, and 3D data. Each of these tables contains the name of the feature, the path to the files that have been stored on the server, and the beginning and ending timespan for the feature. The entries in the database are shown on the right hand side panel of GE Collab. 
Functionality
There are three main functions implemented in GE Collab. The ability to import models, import data to create heatmaps, and import data to create 3D visualizations. 
Importing a model
Generating Heatmaps
To create a heatmap in GE Collab, a user must import a text file containing the data coordinates. The heatmaps are created based on the density of a given list of coordinates. The input file must be in the format of list of comma separated coordinate tuples such as is figure 9 . 
Creating 3D Data Visualizations
There are two different types of 3D visualizations implemented. The first type represents data values using polygon heights. The second type allows users to create in a sense 3D heatmaps that can represent different data values within a building or structure.
The user can add as many coordinate points as needed to represent the desired shape. The coordinate points represent the perimeter of the shape and must be listed in the order in which to draw the shape. In the 3D data form, the user can specify the maximum height to represent the greatest value of the data to be imported. The maximum data height is represented in feet from the ground.
The default maximum data height value is 1000 feet. A user can also specify the maximum value of data to correspond with the maximum data height. If a value is not specified, then the maximum value found in the file is used. A user may want to specify the maximum data value if importing multiple files that need to be normalized to the same scale. If a user imports multiple files that have different maximum data values and does not specify it in the form, then the representation of the maximum data height will be inconsistent between the sets of data. There are 4 color choices that can be chosen from to draw the data: red, green, blue, and yellow. The color red is selected by default. 
3.5.5Creating 3D heatmaps
Similarly to the previously discussed functionality, creating a 3D heatmap 
Hide features
Each type of feature uploaded can be shown or hidden from view by toggling the check boxes for each type of feature as shown below. Based on the feature type selected, the visibility of the feature is set to either true or false. This functionality is convenient for users to selectively display or hide uploaded features.
Conclusion
The GE Collab web application gives the ability to visualize historical structures and statistical data through changes in time. It has the ability to visualize both 2D and 3D data which most mapping tools lack. The 3D data visualization functionality is a useful tool that can be used to visualize and analyze complex and detaileddata. GE Collab allows for easy collaboration and sharing of data due to its web accessibility. Bringing together all of these functions into a single application makes for a convenient and useful visualization tool.
Future work
There are a number of additional functions and modifications that can be implemented in GE Collab to improve its usability and functionality such as:
 Support for multiple sessions which will correspond to multiple Google Earth Plugin Instances.
 Automatic saving to prevent accidental loss of work.
 In addition to automatic saving, automatic refreshing and detection of changes if done by another user or machine to make application more collaboration friendly.
 Support for greater range of data colors.
 Model manipulation and control improvements.
 User Interface organization
